Psychosocial Factors and Heart Failure
Several plausible pathways could explain the relationship between psychosocial factors and HF. One pathway suggests that people with adverse levels of psychosocial factors may be more likely to experience a variety of poor physiological effects that may lead to HF. Potential biological pathways include inflammation, endothelial dysfunction, platelet activity, hormones, and brain-derived neurotrophic factor. 15 For example, depression causes heightened activation of the sympathetic nervous system, 16, 17 which is involved in the pathogenesis of HF, 18 specifically left ventricular dysfunction and renal sodium retention. In addition, stress has been associated with impaired left ventricular function. 19 Also, depression and anxiety are associated with elevated inflammatory marker levels, which have been associated with HF. 15 Another plausible pathway is that people with psychosocial problems are less likely to adhere to medical and behavioral guidelines, which makes them more likely to develop diseases, such as HF. 20 Because results from previous research have been mixed and mostly focused on depression, additional data are needed to elucidate the association between psychosocial factors and incident HF, especially in diverse samples of individuals who were healthy at baseline. Therefore, the aim of this study is to determine whether psychosocial factors, namely anger, anxiety, chronic stress, depressive symptoms, and hostility, are associated with incident HF. On the basis of previous research, we hypothesized that higher levels of these psychosocial factors would be associated with greater risk of incident HF.
Methods
The Multi-Ethnic Study of Atherosclerosis (MESA) is a prospective cohort study designed to evaluate risk factors for clinical and subclinical cardiovascular diseases in several racial/ethnic groups. 21 The study began in July 2000 and recruited 6814 adults free of clinical cardiovascular disease and aged 45 to 84 years from 6 field centers across the United States: Baltimore, MD; Chicago, IL; Los Angeles, CA; New York, NY; Saint Paul, MN; and Winston-Salem, NC. There have been 5 total examinations with similar protocols. MESA participants with data on psychosocial factors at baseline were included in the present analysis (n=6782). Local institutional review boards approved study protocols, and all participants gave written informed consent.
Exposures
Anger, anxiety, 22 chronic stress, 23 and depressive symptoms 24 were measured via questionnaires administered at MESA examination 1, which occurred in 2000 to 2002. Hostility 25 was measured at examination 2, which occurred in 2002 to 2004. Descriptions of these measures can be found in Table 1 . For all of the psychosocial measures, individual questions were summed to create scores, and higher scores represent more severe symptoms. Some of these measures have been found valid and reliable in older populations. 26 For the primary analysis, the psychosocial measures were categorized according to their distribution, as shown in Table 1 . For depression, we used the clinically relevant cut point of 16 as an additional separate category. Exposures were also modeled continuously per interquartile range. In addition, in exploratory analyses where we stratified according to self-reported health, dichotomous categorizations were used.
Outcome
New cases of HF were adjudicated by physician reviewers according to standard MESA procedures, as has been described elsewhere. 21, 27 Three criteria were used to determine HF events: (1) physician-diagnosed HF and patient medical treatment, (2) pulmonary edema or congestion as indicated by chest x-ray, and (3) dilated ventricle, poor left ventricular function, or evidence of left ventricular diastolic dysfunction, as indicated by echocardiography, radionuclide ventriculogram/multigated acquisition, or other contrast ventriculography.
Covariates
For most analyses, all covariates came from examination 1. The exception was analyses where hostility, which was measured at examination 2, was the exposure of interest. When available, covariates for analyses of hostility came from examination 2. Sociodemographic characteristics include self-reported age, race/ethnicity (white, black, Hispanic, and Chinese American), sex, and field center. Behavioral factors included smoking status (current smoker, former smoker, and never smoker) and moderate-vigorous physical activity in Metminutes per week. HF risk factors included body mass index, systolic and diastolic blood pressures, high-density lipoprotein, low-density lipoprotein, triglycerides, diabetes mellitus status, C-reactive protein, fibrinogen, and albumin.
Analysis
Descriptive statistics were calculated for exposure variables at baseline. Cox proportional hazards models were used to model time to incident HF events. Person-time was calculated by using the time from the baseline examination until an HF event, death, loss to follow-up, or December 31, 2011. Examination 1 was baseline for chronic stress, depressive symptoms, anger, and anxiety, and examination 2 was for hostility. Exposures were categorized as indicated in Table 1 and also modeled continuously per interquartile range. The proportional hazards assumption was checked using interactions with time and graphs of the residuals, and no violations were detected.
We explored a series of models. The first model controlled for age, race/ethnicity, sex, and field center. Model 2 added smoking and physical activity. Model 3 additionally controlled for C-reactive protein, fibrinogen, and albumin, and model 4 further controlled for body mass index, diabetes mellitus, systolic and diastolic blood pressures, high-density lipoprotein, low-density lipoprotein, and triglycerides. C-reactive protein and triglycerides were log-transformed to account for skewness.
Multiplicative interactions by sex and self-reported health (categorized dichotomously as good [excellent/very good/good] or poor †A score of ≥16 on the Center for Epidemiological Studies Depression Scale is typically indicative of clinically significant symptomatology. Psychosocial Factors and Heart Failure [fair/poor]) were tested by including cross-product terms in the models. Stratified analyses were performed for all significant or suggestive interactions. For stratified analyses, psychosocial exposures were dichotomized because power was low because of lower numbers of events occurring within strata. Anger, anxiety, and hostility were all dichotomized at their respective medians. For chronic stress, we combined the lower 2 tertiles, given the distribution of the data. Depressive symptoms were divided at the clinically relevant cut point of 16. Exposures were also modeled continuously per interquartile range. Models 1 and 2 were run again for each exposure in the stratified analysis.
Results
There were 242 new cases of HF through a total of 63 584 years of follow-up. On average, participants were followed up 9.3 years (SD=2.5), with a maximum follow-up time of 11.5 years. The incidence rate was 3. Table 2 . On average, those who developed HF during follow-up were, at baseline, older, had fewer Met-minutes per week of physical activity, had higher body mass index, and had higher systolic blood pressure compared with those who did not develop HF during follow-up. Those who developed HF during follow-up were also more likely at baseline to have less than a high school education, be current or former smokers, have diabetes mellitus, and be on hypertension medication compared with those who did not develop HF. Tables 3 and 4 show hazard ratios (HRs) and 95% CIs for each psychosocial factor in relation to risk of incident HF. In model 1, which controlled for age, sex, race, and study site, we found no significant association between any of the psychosocial factors and risk of incident HF. Compared with participants in the lowest level, HRs for those categorized in the highest level of anger (HR, 1.14 [95% CI, 0. revealed no association with incident HF. When modeled continuously, an interquartile range increase in chronic stress was associated with a 27% increase in risk of incident HF. The addition of smoking status and physical activity in the model slightly attenuated the estimates. Results were similar in models adjusted for inflammatory markers (model 3) and additionally for traditional cardiovascular disease risk factors (model 4; data not shown).
Interactions between sex and each psychosocial factor were tested but were only significant for hostility (P=0.03). In sex-specific analyses, compared with the lowest quartile, the HR for incident HF in the highest quartile was 0.71 (0.40-1.26) among men and 1.39 (0.76-2.54) among women.
Interactions between race/ethnicity and each psychosocial factor were also tested, but none was statistically significant (all P>0. 20 ).
Interactions were also tested between psychosocial factors (modeled dichotomously) and self-reported health (modeled dichotomously). Only hostility was significant at the 0.05 level, although anxiety and chronic stress were significant at the 0.10 level. Table 4 presents results stratified by dichotomous self-reported health categories. For anxiety, chronic stress, and depressive symptoms, those in the highest versus lowest categorization, and also self-reporting poor health at baseline, were at 2-fold greater risk of incident HF. For those with good self-reported health at baseline, there was no evidence of an association between these psychosocial characteristics and HF risk. The opposite was true for hostility, where HRs for the highest versus lowest categorization were larger among those with good self-reported health. For anger, associations were similar regardless of self-reported health status. Estimates were modestly attenuated when smoking status and physical activity were entered into the model.
Discussion
There was no association between several psychosocial factors (ie, anger, anxiety, chronic stress, depressive symptoms, and hostility) and risk of incident HF in this multiethnic population-based study. When modeled continuously, more chronic stress was associated with a slight increase in risk of incident HF. Although not statistically significant, there were some suggestions that the association between certain psychosocial factors and incident HF may differ by baseline self-reported health status. However, these results must be interpreted cautiously because of low power.
Relatively few previous studies have examined associations between psychosocial factors and incident HF, and most have only examined depression or depressive symptoms. Williams et al 7 found that high levels of depressive symptoms, as defined by Center for Epidemiological Studies Depression Scale scores ≥21, were associated with greater risk of incident HF in an elderly population (mean age, 74 years) from Connecticut, but this effect was only found in women, not men. Abramson et al 8 also found an independent association between depression and incident HF in an older sample of people (mean age, 72 years) with isolated systolic hypertension. More recently, a study examined anxiety and depression in a large U.S. Department of Veteran's Affairs population (mean age, 63 years) using International Classification of Diseases, Ninth Revision, codes and found a small but statistically significant relationship between these factors and incident HF. 10 Another recent European study found a positive association between depression and incident HF but found no association between anxiety and incident HF. 11 Although previous research has frequently reported associations between adverse levels of psychosocial factors and the development of stroke and coronary heart disease, 28, 29 it is worthwhile to note that the onset of stroke and coronary heart disease is typically acute, whereas HF is a chronic condition that develops gradually. It is possible that pathways between psychosocial exposures and acute versus chronic cardiovascular outcomes may be different. Psychosocial Factors and Heart Failure Although our study did not find significant overall results between psychosocial factors and HF, among those with poor self-reported health, there was some evidence suggesting that those scoring higher on the anxiety, chronic stress, and depressive symptoms scales were at greater risk of incident HF. The idea that psychosocial factors may play a greater role in HF development among those with poor self-reported healthwho likely have prevalent comorbidities-is supported by the existing literature. Like depression, 5 poor self-rated health has been associated with increased risk of emergency department visits, hospitalization, and mortality among patients with HF. 30, 31 As noted above, in previous publications, associations between depression, anxiety, and incident HF were observed in study populations who were older 7, 8 and hypertensive 8 and therefore may also have been more prone to comorbidities and poor self-reported health. In addition, those with lower BMI indicates body mass index; BP, blood pressure; HDL, high-density lipoprotein; HF, heart failure; and LDL, low-density lipoprotein.
*t tests were used for linear variables that were normally distributed; for categorical variables (designated with an †), χ 2 tests were used and for non-normally distributed linear variables (designated with an ‡), the Wilcoxon-MannWhitney test was used. Psychosocial Factors and Heart Failure self-reported health and adverse psychosocial profiles may be less likely to take medications as directed.
One major limitation of this study is the relatively small number of participants who developed HF, especially when we stratified on self-reported health. Interpretation of these results is difficult because it is unclear whether there is no overall association between psychosocial factors and incident HF or there was not enough power to detect an association. Relatedly, given the limited number of HF cases, our psychosocial factor categories were somewhat broad. Using finer categories, and therefore conducting more extreme comparisons, may have yielded different results. For instance, we used the commonly used cut point of 16 to define depressive symptoms. Previous work, however, has suggested that using this cut point results in many individuals being falsely classified as having depressive symptoms [12] [13] [14] [15] [16] [17] [18] [19] ; chronic stress, 0-2; depressive symptoms, 2-10; and hostility, 1-4. HF indicates heart failure; and IQR, interquatile range. Psychosocial Factors and Heart Failure and that a higher cut point should be used. 32, 33 Studies with a larger number of cases may be able to more precisely determine the magnitude of the relationship between psychosocial factors and risk of incident HF. In addition, there is the potential for error in the measurement of the exposures and the outcome. For the exposures, we would expect this error to be unrelated to the outcome because there were no prevalent HF cases at baseline and disease status is ascertained in the future. Because this misclassification is nondifferential, estimates obtained from this study would likely be biased toward the null. For the outcome, because exposure status is determined before the outcome occurs, any error in the measurement of the outcome is likely to be unrelated to exposure and is expected to bias the results toward the null. This study also has several noteworthy strengths, including a multiethnic representative population-based sample, ascertainment of multiple psychosocial factors, and adjudicated HF outcomes.
Overall, this study found no strong statistically significant relationships between psychosocial factors and incident HF. However, adverse levels of psychosocial factors may play a role in, or be an indicator of, HF development among those who perceive themselves as having poor health. Future research with greater power is necessary to reach more definitive conclusions.
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